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Sound absorption property of wood for five eucalypt species 

JIANG Ze-hui, ZHAO Rong-jun, FEI Ben-hua 
Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, P. R. China 

Abstract: The sound absorption coefficients of wood and wood boards for five eucalypt species (Eucalyptus urophylla, Euca¬ 
lyptus urophylla x E. grandis, Eucalyptus urophylla x E. tereticornis, Eucalyptus urophylla x E. camaldulensis and Eucalyptus 
cioeziana) that were collected from plantation in Dongmen Forestry Center of Guangxi Province, China were tested with stand¬ 
ing wave method and their sound absorption properties were also compared. The results showed that the sound absorption co¬ 
efficients of the five eucalypt wood species did not change evidently below 1000 Hz, but above 1000 Hz their sound absorption 
coefficients increased with the increasing frequency. The difference in sound absorption coefficient among five species of 
eucalypt wood is not evident at the tested frequency range (200-2000 Hz), but the sound absorption property of Eucalyptus 
urophylla at low frequency is better than that of other four species. The sound absorption coefficient of the tangential-sawn board 
is higher than that of the radial-sawn board. The sound absorption property of eucalypt wood of 0.5 cm in thickness is much 
better than that of 1.0 cm in thickness. It is concluded that wood sound absorption properties of eucalypts are affected by their 
board thickness and the type of sawn timber within the testing frequency, but the variance of wood sound absorption property 
among the five tested species is not significant. 
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Introduction 

It is well known that both language and music convey 
information, idea and feeling by sound to finish exchange, 
understanding and enjoyment. The control of sound in the 
construction structure is achieved by the acoustic absorp¬ 
tion property in the inner face of fitment materials from 
buildings and houses. The spatial sound property of wood 
and wood-based materials can be assessed by their 
acoustic absorption. The acoustic absorption, namely 
acoustic absorption coefficient, is represented by the per¬ 
centage of the surface reflection energy absorbed or not by 
the material of the incidence energy (Watanabe Haruto 
1986). The past studies lay particular stress on the acoustic 
properties of several chemically modified Sitka spruce 
samples (Chang et al. 2000), dynamic elastic modulus and 
loss tangent of reed (Eiichi Obataya et al. 1999 and Shen 
Jun et al. 2001), and the acoustic properties of resonance 
spruce wood (V. Bucur et al. 1999), while reports on the 
acoustic absorption of wood and wood-based materials 
were very few. 

Eucalypt wood is used not only for pulp and fiber but also 
for the joiner, furniture, flooring board, interior decora¬ 
tion,etc.. A larger area of eucalypt artificial forest has been 
planted in South China, covering 600 counties throughout 
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17 provinces and cities. This study tested the sound ab¬ 
sorption properties of wood of five eucalypt species for the 
purpose to provide scientific data for proper utilization of the 
eucalypt wood resource and decrease of the environmental 
noise in houses. 

Material and method 

Material 

Five eucalypt species, including Eucalyptus urophylla. 
Eucalyptus urophylla x E. grandis, Eucalyptus urophylla x 
E. tereticornis, Eucalyptus urophylla x E. camaldulensis 
and Eucalyptus cioeziana, were collected from the planta¬ 
tion in Dongmen Forestry Center of Guangxi Province for 
testing sound absorption property. The sampling method 
was taken in accordance with the state standard GB1930 
41-91. Sample size is <t>100 mm in diameter and 0.5 cm 
and 1.0 cm in thickness. 

Method 

Test method was taken in accordance with the state 
standard GBJ 88-85 “Measurement criterion of standing 
wave method for sound absorption coefficient and sound 
impedance”. The standing wave method is a simple and 
economical method used to measure the vertical sound 
absorption coefficient; the sound absorption coefficient 
under random incidence is calculated according to the re¬ 
sults measured. Each species has the radial-sawn board 
and the tangential-sawn board for test. 

Test apparatus: <P100 mm B & K 4002 Standing Wave 
Fitting, B & K 2010 Analysis Meter, GF-10 Power Amplifier 
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and B & K 2110 Audio Frequency Analysis Meter. Depth of 
test cavity: 95 cm 

Results and discussion 

Sound absorption property of different materials 

When the sound wave meets the material surface, part is 
reflected back, part is absorbed and part is passed: The 
ability for absorption and sound reflection depends on the 
material. The acoustic absorption of common materials is 
listed in the Table 1. As it is seen from Table 1, the density 
of the brick, glass and polished wood is high while their 
acoustic absorption is low; the acoustic absorption of the 
untreated wood is lower than that of the polished wood 
because the paint changes the absorption of wood to sound; 
the carpet, wallboard and sound-absorbing wallboard have 
a good performance in the acoustic absorption. 


Table 1 Acoustic absorption of fitment materials (Approxima- 
tion) [11 _ 


Materials 

Acoustic absorption 

Open window 

1.00 

Brick 

0.03 

Carpet 

0.25 

Glass 

0.03 

Wood 

0.06 

Polished wood 

0.03 

Wallboard 

0.27 

Sound-absorbing wallboard 

0.20-0.90 


[1] Watanabe Haruto,1986 


Sound absorption property of eucalypt wood 

In fact, all materials have the absorption to sound, but the 
difference is the extent of absorption. The absorption of 
materials is decided by their own properties; on the other 
hand, the absorption is also decided by the frequency and 
the incidence direction of the sound. Therefore, the sound 
absorption coefficient is an average of the absorption val¬ 
ues from each direction, and it is specified under a certain 
frequency. 

The sound absorption coefficients for five eucalypt wood 
species under different frequency are shown in Table 2. 
The sound absorption coefficients of the five eucalypt wood 
species did not change evidently below 1000 Hz, but above 
1000 Hz their sound absorption coefficients increased with 
the increasing frequency. The study results are the same 
with the test results under common material tests (Ma 1983). 
Moreover, these five species of eucalypt wood were dif¬ 
ferent in the sound absorption coefficient under different 
frequencies. At the range from 200 Hz to 1600 Hz the 
sound absorption coefficients of Eucalyptus urophylla and 
Eucalyptus urophylla x E. grandis were higher than these of 
the other three species. At 2000 Hz for the sound absorp¬ 
tion coefficient the Eucalyptus urophylla x E. tereticornis 
was highest, followed by Eucalyptus cloeziana, and the 
lowest was Eucalyptus urophylla.. The variance for the 
sound absorption coefficient was further analyzed as de¬ 
scribed in Table 3. The results indicate that the difference in 
the sound absorption coefficient of different species is not 
significant under the tested frequency range. 


Table 2. Sound absorption coefficients of different species of eucalypt wood _ 

Species _ Frequency _ (Hz) 


Eucalyptus urophylla 

0.030 

0.033 

0.023 

B 

0.017 

0.020 

0.017 

0.017 

0.035 

0.073 

0.042 

Eucalyptu urophylla xE. grandi 

0.027 

0.028 

0.028 

EB 

0.020 

0.017 

0.017 

0.013 

0.020 

0.072 

0.070 

Eucalyptus urophyllaxE. tereticornis 

0.025 

0.025 

0.015 

0.025 

0.018 

0.015 

0.015 

0.010 

0.015 

0.053 

0.145 

Eucalyptus urophyllaxE. camaldulensis 

0.023 

0.022 


0.013 

0.012 

0.015 

0.010 

0.013 

0.013 

0.053 

0.078 

Eucalyptus cloeziana 

0.018 

0.025 

0.013 

0.028 

0.010 

0.015 

0.010 

0.010 

0.023 

0.043 

0.120 


200 

250 

315 

400 500 

630 800 

1000 

1250 

1600 

2000 


Table 3. Variance analysis for sound absorption coefficient of eucalypt wood 

Source of error 

Sum of square 

Degree of freedom 

Mean square 

F value 

Significance 

FfO.051 

Between groups 

0.000422 

4 

0.000105 

0.143195 

2.56 

Internal groups 

0.0368 

50 

0.000736 



Total 

0.037221 

54 





Sound absorption property of different eucalypt wood 
boards 

Solid wood is often sawn into two kinds of boards, the 
quarter-sawn board and the back-sawn board. Comparison 
in sound absorption coefficient was made for the two kinds 
of boards (Table 4). The sound absorption coefficients of 
the back-sawn boards from five species were higher than or 


equal to these of the quarter-sawn boards at a frequency of 
200-800 Hz; the change of sound absorption coefficient 
among the five species is of no clear rule at a frequency of 
above 800Hz. It can be thought that the sound absorption 
of the back-sawn board is better than that of the quar¬ 
ter-sawn board at a range of low frequency. 

At the test range the sound absorption coefficient of the 
back-sawn board from Eucalyptus urophylla was higher 
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than that of its quarter-sawn board. At a frequency of 
1250-1600 Hz the sound absorption coefficient of the quar¬ 
ter-sawn board from Eucalyptus urophyllaxE.grandis was 
higher than that of its back-sawn board; at 2000 Hz the 
sound absorption coefficient of the back-sawn board was 
higher than that of its quarter-sawn board. At a frequency of 
1000-1600 Hz the sound absorption coefficient of the 
back-sawn board from Eucalyptus urophylla x E. camaldu- 
lensis was equal to or higher than that of its quarter-sawn 


board; at 2000 Hz the sound absorption coefficient of the 
quarter-sawn board was higher than that of its back-sawn 
board and reached the maximum showing the better sound 
absorption at high frequency range. At 2000 Hz the sound 
absorption coefficients of the quarter-sawn board and the 
back-sawn board from Eucalyptus cloeziana reach the 
maximum and the sound absorption is better than that at 
low frequency. 


Tab.4 Sound absorption coefficient of different eucalypts wood boards 


Frequency (Hz) 

Speci es - 



200 

250 

315 

400 

500 

630 

800 

1000 

1250 

1600 

2000 

Eucalyptus urophylla 

0.010' 

0.030 2 

0.010 

0.050 

0.010 

0.030 

0.020 

0.040 

0.010 

0.020 

0.010 

0.030 

0.010 

0.020 

0.010 

0.020 

0.015 

0.060 

0.018 

0.180 

0.035 

0.040 

Eucalyptu urophyllaxE. grandi 

0.010 

0.010 

0.015 

0.020 

0.015 

0.020 

0.020 

0.020 

0.010 

0.020 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.020 

0.010 

0.155 

0.030 

0.055 

0.105 

Eucalyptus urophyllaxE .tereticornis 

0.025 

0.025 

0.035 

0.020 

0.015 

0.015 

0.025 

0.025 

0.015 

0.020 

0.010 

0.020 

0.010 

0,020 

0.010 

0.010 

0.010 

0.020 

0.065 

0.040 

0.110 

0.180 

Eucalyptus urophyllaxE.camaldulensis 

0.015 

0.025 

0.010 

0.025 

0.010 

0.020 

0.020 

0.015 

0.010 

0.015 

0.010 

0.015 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.040 

0.100 

0.115 

0.090 

Eucalyptus cloeziana 

0.020 

0.025 

0.015 

0.025 

0.010 

0.015 

0.010 

0.010 

0.020 

0.055 

0.085 

0.015 


0.010 


0.010 

0.015 

0.010 

0.010 



0.155 


Note: For each species the figure in first line 1 is for the radial-sawn board and the figure in second line 2 is for the tangential-sawn board. 


It can be seen from the above analysis results that the 
sound absorption of the back-sawn board from Eucalyptus 
urophylla is better than that of its quarter-sawn board; the 
sound absorption change of two kinds of boards from other 
species is not evident at a frequency of 1250-2000 Hz. 

Sound absorption property of eucalypt wood boards of 
different thickness 

The sound absorption coefficients of the boards with dif¬ 
ferent thickness decrease gradually at the increasing fre¬ 
quency from 200Hz to 1000 Hz, while at a frequency of 


above 1000Hz, the sound absorption coefficients increase 
slowly and the difference is more evident (Fig. 1). For the 
board 0.5 cm in thickness, its sound absorption coefficient 
at the high frequency was higher than that at the low fre¬ 
quency and the coefficient was obviously higher than that of 
the board 1.0 cm in thickness. At 1600 Hz the sound ab¬ 
sorption coefficients of Eucalyptus urophylla and Eucalyp¬ 
tus urophylla x E. camaldulensis reached the maximum, 
and it indicates that the sound absorption coefficient at the 
high frequency is higher than that at the low frequency. In 
all, the acoustic absorption of boards of 0.5 cm in thickness 
is much better. 



Fig. 1 Sound absorption coefficients of eucalypt boards with different thickness 

Note: the solid line (1): 0.5 cm in thickness; the broken line (2); 1 cm in thickness 
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Fig. 2 shows that the relationship of acoustic absorption 
and frequency of plywood of 3 mm in thickness.When 
comparing Fig.l and Fig.2, it is found that sound absorption 
coefficient of the plywood with a thickness of 3 cm at the 
low frequency range is higher, however, the coefficient at 
the high frequency range decreases with the increasing 
frequency and remains constant at 2000 Hz. The behavior 
is just opposite to the coefficient change of eucalypt wood. 
Therefore, the thickness of materials decides their acoustic 
absorption. In addition, the effective thickness of eucalypt 
wood and the according optimum sound absorption prop¬ 
erty need a further study. 



Fig. 2 The relationship of acoustic absorption and frequency 
of plywood of 3 mm in thickness 

Note: the size of the plywood: 1.21 m xl .52 m ; the length between the 
plywood and the wallboard: 2.5 cm (Watanabe Haruto 1986 > 

Conclusions and discussion 

The average sound absorption coefficient of eucalypt 
wood is much higher at high frequency. At low frequency 
the sound absorption coefficient of the tangential-sawn 
board is higher than that of the radial-sawn board. There¬ 


fore, under these two conditions the better absorption effect 
can be achieved. 

Although the difference in sound absorption coefficient 
among five species of eucalypt wood is not evident at the 
tested frequency range, the sound absorption property of 
Eucalyptus urophylla at low frequency is better than that of 
other four species. 

The sound absorption property of eucalypt wood of 0.5 
cm in thickness is much better. It is necessary to carry out 
the further research on the effective thickness of eucalypt 
wood and its optimum sound absorption property, the 
sound absorption property of the wood treated with different 
paints and the sound absorption property of eucalypt wood 
polished and unpolished in future. 
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